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Abstract
To avoid the problems of voltage stability, losses and security of power system is needed to monitor frequently and these 
problems are controlled by using the Flexible AC Transmission System (FACTS) devices. They help to improve the voltage 
profiles, security of the system and minimize the transmission line losses. Thyristor Controlled Series Capacitor (TCSC) is one of 
the FACTS devices which is easier to control than other control devices. The device was placed such that it also meets the 
constraint of having minimum losses. Further for setting of the TCSC Flower Pollination Algorithm is employed, it is a nature 
inspired algorithm developed from the pollination of flowers. For Placement of TCSC, a Fast Voltage Stability Index (FVSI) is 
proposed. For the verification of the proposed method, simulations are carried on IEEE 14 bus system and the results are 
presented and analyzed to ascertain the effectiveness in reduction of the losses in the power system.
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1. INTRODUCTION
In the present days the quality of the electric supply has been reduced due to the improper planning of the power 
system which is unable to meet the load demands. There is a increase in private industries to meet the requirements 
which are causing the problems in power system security, voltage deviations, collapse of the system due to losses.
To overcome these problems new transmission lines are constructed but this task is becoming difficult due to 
political and environmental challenges [1]. Due to the present terms and conditions the security of the power system 
could not be improved even though there are techniques like load shedding, generation rescheduling. The better 
solution to overcome these problems is the usage of FACTS devices. [2].Thyristor controlled series compensator 
(TCSC) is one of the best FACTS devices. It has a faster response when compared to the other FACTS devices. This 
is because it has better control over line impedance, by changing its reactance it can reduce the line impedance. This 
helps in increased power flow in the system. Placing the device would just not be sufficient for achieving the 
objectives .It must be placed at proper location and with proper settings for its efficient usage [3].
Samimi et al. [4] have proposed a method to determine optimal location and best setting of Thyristor Controlled 
Series Compensator (TCSC). Seeking the best place is performed using the sensitivity analysis and optimum setting 
of TCSC is managed using the genetic algorithm. M. Sarvanan [5] has applied PSO technique for proper placement 
of FACTS devices such that the installation cost is reduced. For the proper placement of TCSC and to achieve 
optimal power flow fast Voltage Stability Index (FVSI) a factor is used to determine the line for placing the device. 
For the settings of the device a nature inspired algorithm, Flower Pollination Algorithm (FPA) is employed. Now a 
day’s FPA algorithm is employed widely due to its less computation time and accuracy. It has less number of 
parameters when compared to other algorithms which makes it flexible to use for both single and multi-objective 
functions. Here the methodology used to identify affected line is by considering one of the indices of voltage 
stability margin i.e. FVSI. TCSC is placed at the affected line based on this factor. For the optimal setting of the 
device FPA is used. Different results have been observed like with and without placing the device and also for with 
and without using the algorithm for setting the TCSC on IEEE 14 bus system.
2. PROBLEM FORMULATION
2.1. Objective  Function
Here the primary objective is to minimize the transmission losses of the power system by placing the device 
optimally. The objective function considered for the minimization of losses is taken as
Min F = Min (Total real power loss of the system)
2.1.1. Power Loss:
                               (1)
Where nl = number of transmission lines and Sjk is the total complex power flows from bus j to bus k in line i.
2.1.2. Placement  Of TCSC
The most severe line affected is founded by a voltage stability index factor called Fast Voltage Stability Index 
Factor (FVSI). It is introduced by Musirin and Rahman.  It calculates the voltage stability of a given bus under any 
loading conditions. It is defined as follows
FVSI=                                                                         (2)
Where Z is the impedance of line, X is the line reactance, is the voltage at the sending end and is the reactive 
power at the receiving end. The line with highest FVSI value is considered as the most sensitive line. Here the 
Newton raphson analysis for the 14 bus system has been performed and has determined the FVSI values for all the 
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lines. It is then arranged in descending order based on FVSI and had placed TCSC at the most affected line. After 
that FPA algorithm is used for the optimal setting of TCSC [6].
3. FLOWER POLLINATION ALGORITHM
Self pollination is when the pollination occurs between the flowers of the same plant or of the same flower. This 
type of pollination results in reproduction of species of the same flower. Cross pollination is when the pollination 
occurs between two different plants. Biotic cross pollination is termed as global pollination as it occurs between 
different plants with the help of insects and animals which follow the Levy Flight movement for carrying the 
pollinators. A switching probability (p) should be chosen such that p Є [0, 1] to interface between global and local 
pollination [7]. Global pollination is shown by the equation:
= + ( - )                                                                     (3)
Where is the vector at iteration t, is global best solution and L is step size from Levy distribution.
3.1. Flowchart for Setting TCSC Parameters
START
Numbers of iterations are defined
Parameters of FPA are initialized
Compute the fitness function
Switching probability must be 
proportional to similarity among the 
flowers considered.
New positions of the pollen are obtained.
Criterion 
reached?
Global best solution is obtained
STOP
Constraints 
satisfied?
NO
YES
YES
NO
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4. RESULTS AND DISCUSSION
In the present paper a MATLAB program is developed based with an objective of minimizing the transmission 
losses and is implemented on IEEE 14 bus system. 14 bus system contains 20 lines and 14 buses, out of which 4 
buses are generator buses and one bus is slack bus. The results have been taken to identify the severe line affected 
due to highest value of FVSI, and observed the difference in losses with and without placing the TCSC and also 
with and without FPA algorithm for setting the device.
Table 1 FVSI values of for various lines of IEEE 14 Bus Test System
Severe line FVSI Value Severe line FVSI Value
FB TB FB TB
9                    
13
14
14
0.4275
0.3933 2 3 0.136
4 9 0.2848 4 4 0.1355
1 5 0.2305 12 7 0.133
7 8 0.2081 6 13 0.0961
5 6 0.198 1 12 0.0788
7 9 0.183 6 2 0.0765
6 13 0.1644 10 11 0.0401
2 5 0.1479 4 5 0.0178
Table 2 Incorporation of TCSC with different methods
TCSC placed between
Bus No
Total real power 
generation (MW)
Total load
(MW)
TCSC Parameters  Total real power loss 
(MW)
NR with TCSC 9-14 265.08 259 X=0.1 6.08
FPA with TCSC 9-14 262.63 259 X=0.0095 3.63
Table 3 Comparison of results with NR method, with optimal placement of TCSC at 9-14 and optimal setting of TCSC using FPA
S. No. Parameter Values in different system state
NR Method NR with optimal placement of 
TCSC
With optimal parameter setting of TCSC using 
FPA
1 Active Power 
Loss(MW)
6.89 6.08 3.63
2 FVSI of Severe Line 0.4275 0.2416 0.2394
3 Voltage Deviation 0.8519 0.2944 0.2916
4 Overall FVSI 2.6473 2.2807 2.1182
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Table 4 Values of different variables with and without TCSC using FPA
Variables FPA-OPF with TCSC FPA-OPF without TCSC
PG1(MW) 14.8206 33.332
PG2(MW) 47.8094 50.00
PG3(MW) 50 50.00
PG6(MW) 50 50.00
PG8(MW) 100 80.408
Total real power generation (MW) 262.63 263.74
Objective function value 3.63 4.74
Table 5 Specification of Flower pollination Algorithm Parameters
S. No Parameters Quantity
1 Size of Population 20
2 Probability switch 0. 5
Table 6 Best, Worst and Average of Objective Function for IEEE14-bus system using FPA algorithm
Objective function 
value
n=20
p=0.5
n=20
p=0.6
n=10
p=0.5
n=15
p=0.5
n=25
p=0.5
Average 4.7486 4.7491 4.7528 4.7693 4.7496
Worst 4.7813 4.7854 4.7956 4.7938 4.7994
Best 4.74 4.7545 4.7565 4.7547 4.7595
n= size of the population and  p= switching probability
Table 1 shows the Newton raphson analysis of the 14 bus system from which it is founded that severely affected line 
9-14 with FVSI value 0.4275. Table 2 shows the placement of the device in the network at the line 9-14 and optimal 
setting of TCSC using FPA is observed, the reactance value has been reduced from 0.1 to 0.0095. In Table 3 it is
observed that power losses has been reduced from 6.89 MW to 6.08 MW after placing TCSC and further reduced to 
3.63 MW after setting the parameters with FPA. Table 4 shows the real power generation has been reduced from 
263.74 MW to 262.63 MW and the transmission losses have been reduced from 4.74 MW to 3.63 MW. Table 5
shows the information regarding parameters used in FPA. Table 6 shows the parameters of FPA affect over the 
objective function value without TCSC. The algorithm shows a very good convergence rate with accuracy. 
5. CONCLUSION
This paper proposed a method for proper placement for TCSC in the network using FVSI and setting of the 
TCSC value using FPA. Results have been determined for different conditions like with and without placing TCSC, 
with and without using FPA. The results show the efficiency of the implemented methodology. It is observed that
FPA based optimal power flow with TCSC gives better results compared to NR with TCSC. Hence the proposed 
technique of installing TCSC with Flower Pollination Algorithm has been highly efficient in minimizing the 
transmission lines.
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